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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an SAW 
(surface acoustic wave) device which can improve its 
durability by using a thick electrode pad formed on the 
electrode forming surface of a piezoelectric element 
plate and uses a metal having high bonding performance 
to gold and an IDT electrode which is made of an Al-Cu 
alloy and bonded to the electrode pad. 
SOLUTION: A SAW device 34 includes an IDT electrode 
40, a connection part 45 and a thick aluminum pad 36 
which are formed on a piezoelectric element plate 35 
arid also includes a gold bump 37 which is fixed on the 
pad 36. In other words, the electrode 40 of an Al-Cu 
alloy is formed on the plate 35 in addition to the 
aluminum pad 36. Thus, the pad 36 is made of a 

material having high bonding performance to aluminum, Ni, Ti, Cr and gold to improve its 
bonding to the gold bump, a gold wire, etc. Furthermore, the electrode 40 is made of the Al- 
Cu alloy to improve its durability. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may 
not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s) ] 

[Claim 1] the IDT electrode which consists of an aluminum-Cu alloy by 
which it was formed on the electrode forming face of a piezo-electric 
blank and a piezo-electric blank, and junction nature with gold was 
connected with the heavy-gage electrode pad using a good metal, and this 
electrode pad — since — the surface acoustic element characterized by 
becoming. 

[Claim 2] the surface acoustic element according to claim 1 contained in 
the state of a face down a package with an electrode, and in this cavity 
by the base in a cavity while having a cavity on the top face — since - 
- the SAW device which is a SAW device which changes and is 
characterized by to connect between an electrode pad and the electrodes 
of the base in a cavity to the base in a cavity of the above-mentioned 
package in the condition of having made the electrode forming face 
countering, using a golden bump. 

[Claim 3] the surface acoustic element according to claim 1 contained by 
the cavity wall in the state of face up a package with a wirebonding 
terminal, and in this cavity while having a cavity on the top face — 
since — the SAW device which is a SAW device which changes and is 
characterized by connecting between the above-mentioned wirebonding 
terminal and electrode pads with a golden wire in the condition of 
having turned the electrode forming face upward into the cavity of the 
above-mentioned package. 

[Claim 4] The surface acoustic element according to claim 1, 2, or 3 or 
SAW device characterized by using aluminum, nickel and Ti, or Cr as an 
ingredient of the above-mentioned electrode pad. 

[Claim 5] the process which forms the heavy-gage electrode pad which 
consists of good construction material of junction nature with gold on a 
piezo-electric blank, the process which form the aluminum-Cu alloy film 
in the piezo-electric blank side containing this electrode pad, the 



process which remove all the aluminum-Cu alloy all [ some or ] on the 
top face of an electrode pad, and the process which remove the proper 
place of the aluminum-Cu alloy film on a piezo-electric blank, and form 
an IDT electrode — since — the manufacture approach of the surface 
acoustic element characterized by to become. 



[Translation done. ] 
* NOTICES * 
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2. **** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the structure of the 
SAW device of the type which carries out flip chip bonding of between 
the electrode formed in the inner base of a ceramic package, and the 
electrode pads arranged to the IDT electrode forming face of a surface 
acoustic element using a golden bump, concerning amelioration of the 
structure of the surface acoustic wave (SAW) device as a piezo-electric 
device. 
[0002] 

[Description of the Prior Art] Drawing 4 (a) The internal perspective 
view for explaining the structure of the surface acoustic wave (SAW) 
device for the conventional surface mounts, and (b) It is the drawing of 
longitudinal section. This SAW device 1 has the ceramic package 2 of the 
three-tiered structure equipped with the configuration for surface 
mounts, the surface acoustic element 4 arranged in the cavity 3 formed 
in the top face of a ceramic package 2, and the metal lid 5 which is 
fixed to the outer frame top face of a cavity 3, and stops a cavity. On 
two level differences 10 in a cavity 3 which counter each other, the 
terminal 11 for wirebonding and ground pattern 12 grade are formed, 
respectively, and the electrode surface 13 for touch-down is formed in 



the inner base of a cavity 3 almost extensively. The seam ring 15 used 
in case joining immobilization of the metal lid which is not illustrated 
is carried out by seam welding etc. is beforehand formed in the outer 
frame top face of a ceramic package 2. The surface acoustic element 4 
contained in a cavity 3 in the state of face up (the IDT electrode has 
turned to the opening side) is equipped with the IDT electrode 21 and 
the electrode 22 for bondings by which wire connection is made with the 
electrode 11 on the level difference 10 by the side of a package at 
least on the piezo-electric blank 20. By connecting with the electrode 
surface 13 for touch-down which established the base of this surface 
acoustic element 4 in the inner base of a cavity 3 using adhesives etc. , 
a surface acoustic element is fixed in a cavity. 

[0003] By the way, if it is in the SAW device equipped with such package 
structure, in order to prevent that the wire W which projects up 
contacts the underside of the metal lid 5, and short-circuits rather 
than the top face of a surface acoustic element 4, it was unescapable 
that it was necessary to secure a sufficient room between Wire W and the 
underside of the metal lid 5, therefore the height direction dimension 
of a package 2 was enlarged (raise in the back). However, corresponding 
to the request of the miniaturization to the various devices carrying a 
SAW device, low back-ization is strongly demanded about the SAW device 
itself. Recently as package structure of filling the request of such 
reduction in the back, it is drawing 5 (a), (b) The package structure of 
the shown **** face down (SAW component is arranged so that IDT 
electrode may turn to base) method is adopted. This type of package 31 
had the electrode 33 for energization on the inner base of the cavity 32 
on top, and is equipped with the structure which carries out flip chip 
bonding of the surface acoustic element 34 by the face down method into 
this cavity 32. That is, a surface acoustic element 34 has the golden 
bump 37 who fixed beforehand on the IDT electrode, the electrode pad 36, 
and the electrode pad 36 on the underside of the piezo-electric blank 35, 
it is in the condition to which the electrode 33 and the electrode pad 
36 were made to correspond by one to one, and assembly of a surface 
acoustic element 34 completes it by joining between a bump 37 and 
electrodes 33 by solder or thermocompression bonding. Then, a SAW device 
is completed by fixing the metal lid 38 to the outer frame top face of a 
cavity 32 in airtight. According to this package structure, a flat- 
surface configuration also miniaturizes only the part it becomes 
unnecessary to prepare the level difference for arranging the terminal 
for wirebonding to the wall of a package possible [ the reduction in the 
back ] only for the part which does not need to prepare the space for 



preventing short generating between a wire and a metal lid. 
[0004] By the way, as shown in drawing 6 , a bump 37 is the small 
projection of the gold which fixes by the thermocompression bonding 
which used the supersonic wave together on the pad 36 pulled out from 
the IDT electrode (electrode finger) 40, and the pad 36 and the IDT 
electrode 40 of the former [ be / the bonding strength of pure aluminum 
and gold / high ] consist of pure aluminum. In addition, since a pad 36 
and the IDT electrode 40 are usually put in block with a 
photolithography technique and are manufactured, they are constituted by 
the same ingredient. Although a pad 36 and IDT40 will receive big stress 
by the big standing wave of the surface acoustic wave excited by the 
piezo-electric blank front face with an IDT electrode, when only 
aluminum is used, breakage of a crack etc. occurs on the aluminum film 
which constitutes a pad and an IDT electrode with this stress. Then, 
although the consolidation of a pad and an IDT electrode layer is in 
drawing using the aluminum-Cu alloy which made aluminum contain several% 
of copper recently, there is nonconformity that the bonding strength of 
the aluminum-Cu alloy film and a golden bump is remarkable, and it is 
low. That is, the golden bump 37 and the pad 36 exfoliated easily, and 
the problem of it becoming impossible to bear the impact generated by 
drop of a device etc. has occurred. 

[0005] Moreover, since a pad 36 and the IDT electrode 40 are 
manufactured in the same process, both thickness becomes thin with 3100- 
4000A, but since it is processes, such as thermocompression bonding for 
forming a bump, the pad itself is damaged and it is easy to exfoliate 
from a piezo-electric blank side when the thickness of a pad is too thin 
in this way even if it constitutes a pad from pure aluminum, it has the 
fault that a golden bump become easy to ****** many [ pad ]. Even if it 
sacrifices bonding strength with a golden bump conventionally, in order 
to hold the reinforcement of a pad from such a situation, the aluminum- 
Cu alloy was used as an ingredient of a pad and an IDT electrode, 
furthermore, in order to solve the above-mentioned nonconformity in the 
case of use an aluminum-Cu alloy as a pad ingredient, it be drawing 6 
(c). carry out laminating formation of the pure aluminum film 41 be 
perform on the front face of aluminum-Cu alloy partial (pad base) 36a 
that the bonding strength of a pad 36 and the golden bump 37 should 
fully be secure so that it may be show, and according to this, the 
bonding strength of the surface acoustic element through a golden bump 
can be hold on desired level. However, in order to realize the pad of 
such two-layer structure, after manufacturing collectively the IDT 
electrode 40 and pad base 36a which consist of an aluminum-Cu alloy, the 



activity which carries out the laminating of the aluminum film 41 
according to another process (lift-off process) becomes indispensable, 
and the problem of lowering of the productivity by the increment in a 
routing counter and a cost rise is brought about. 

[0006] Moreover, drawing 6 (d) After forming the IDT electrode 40 and 
pad base 36a with an aluminum-Cu alloy, the pad structure which forms 
the barrier layer 42 which consists of Ti or Cr on pad base 36a is shown, 
and even if thickness is thin, bonding strength not only with having 
sufficient reinforcement but a golden bump is also enough [ Ti film or 
Cr film as a barrier layer 42 ]. However, this pad structure is also 
drawing 6 (c) . Since the addition of a lift-off process becomes 
indispensable like a case, the problem of lowering of productivity and a 
cost rise is brought about. In addition, the trouble accompanying it is 
explained to be the above-mentioned lift-off process based on drawing 7 
for reference. Namely, drawing 7 (a) (b) And (c) Drawing 6 (c) The lift- 
off process which manufactures the pad of the shown structure is shown. 
At this lift-off process Drawing 4 (a) As shown, after forming the IDT 
electrode 40 and pad 36 which consist of an aluminum-Cu alloy on the 
piezo-electric blank 35 Drawing 7 (b) A photoresist 50 is covered all 
over the piezo-electric blank which avoided the top face of a pad 36 
like the photolithography technique like. Furthermore, it is drawing 6 
(c) by carrying out vacuum deposition of the aluminum 51 to the whole 
surface like drawing 7 (c), and finally removing a photoresist 50 and 
the aluminum 51 on it. The shown pad can be obtained. Although it is 
clear add [ to the process which manufactures a surface acoustic element 
/ such a lift-off process ] to bring about nonconformities, such as a 
cost rise by buildup of manufacture manday Furthermore, drawing 7 (c) In 
case vacuum deposition of the aluminum is carried out, the inside of the 
membrane formation room (vacuum chamber) of a vacuum evaporation system 
is soiled by the gas which occurs from a photoresist. The impurity which 
consists of gas constituents adheres to the wall of a membrane formation 
room, and there is nonconformity of bringing about the need of cleaning 
a membrane formation room frequently. In addition, as shown in drawing 
6 , when a surface acoustic element is carried in the interior of a 
package cavity in the state of face up and it connects between the pad 
on a surface acoustic element, and the bonding pads by the side of a 
package with a golden wire, in constituting the pad on a surface 
acoustic element from an aluminum-Cu alloy, the problem of a faulty 
connection with a golden wire occurs similarly. 
[0007] 

[Problem(s) to be Solved by the Invention] Although laminating formation 



of the pure aluminum film and the barrier layer was carried out by 
extending a lift-off process at the pad surface in order to prevent that 
the bonding strength of a golden bump and a golden wire, and a pad falls, 
if shown in the conventional surface acoustic element which constituted 
the IDT electrode and the pad from an aluminum-Cu alloy as mentioned 
above, there was nonconformity of the productivity slowdown by buildup 
of a process, a cost rise, and the dirt of the membrane formation 
interior of a room of a vacuum evaporator. Then, without causing 
complication of a production process etc., this invention constitutes a 
pad by aluminum, raises junction nature with a golden bump etc., and 
aims at offering the structure of the surface acoustic element which 
made it possible to raise the endurance, its manufacture approach, and a 
SAW device by constituting an IDT electrode with an aluminum-Cu alloy 
further. 
[0008] 

[Means for Solving the Problem] the IDT electrode which consists of an 
aluminum-Cu alloy by which invention of claim 1 was formed on the 
electrode forming face of a piezo-electric blank and a piezo-electric 
blank in order to solve the above-mentioned technical problem, and 
junction nature with gold was connected with the heavy-gage electrode 
pad using a good metal, and this electrode pad — since — it is 
characterized by becoming, the surface acoustic element according to 
claim 1 contained in the state of a face down a package with an 
electrode, and in this cavity by the base in a cavity while invention of 
claim 2 has a cavity on the top face — since — it is the SAW device 
which changes, and is in the condition made the electrode forming face 
counter the base in a cavity of the above-mentioned package, and it is 
characterized by to connect between an electrode pad and the electrodes 
of the base in a cavity using a golden bump, the surface acoustic 
element according to claim 1 contained by the cavity wall in the state 
of face up a package with a wirebonding terminal, and in this cavity 
while invention of claim 3 has a cavity on the top face — since — it 
is the SAW device which changes, is in the condition which turned the 
electrode forming face upward into the cavity of the above-mentioned 
package, and is characterized by connecting between the above-mentioned 
wirebonding terminal and electrode pads with a golden wire. Invention of 
claim 4 is characterized by using aluminum, nickel and Ti, or Cr as an 
ingredient of the above-mentioned electrode pad. the process which forms 
the heavy-gage electrode pad with which invention of claim 5 consists of 
good construction material of junction nature with gold on a piezo- 
electric blank, the process which form the aluminum-Cu alloy film in the 



piezo-electric blank side containing this electrode pad, the process 
which remove all the aluminum-Cu alloy all [ some or ] on the top face 
of an electrode pad, and the process which remove the proper place of 
the aluminum-Cu alloy film on a piezo-electric blank, and form an IDT 
electrode — since — it is characterized by to become. 
[0009] 

[Embodiment of the Invention] Hereafter, the gestalt of the operation 
which showed this invention to the drawing explains to a detail. Drawing 
1 (a) And (b) It is the top view and A-A sectional view of the surface 
acoustic element used for the SAW device of this invention, and it 
explains, referring to drawing 5 and drawing 6 collectively. Therefore, 
the same part as drawing 5 and drawing 6 is explained using the same 
sign. The heavy-gage pad 36 which consists of aluminum is formed, and 
the surface acoustic elements 34 which fixed the golden bump 37 on the 
pad 36 further are indicated to be the IDT electrode 40 which consists 
of an aluminum-Cu alloy on the piezo-electric blank 35 at drawing 1 , 
and a connection 45. Drawing 2 (a) Or (g) It is drawing explaining the 
process which forms the pad and IDT electrode of drawing 1 . Drawing 2 
(a) At the 1st shown process, the about 1-micrometer comparatively 
heavy-gage pad 36 made from aluminum (thick-film bonding pad) is 
beforehand formed in the necessary part on the piezo-electric blanks 35, 
such as the Xtal blank, by vacuum evaporationo etc. (b) In the 2nd shown 
process, vacuum evaporationo formation of the aluminum-Cu film 60 is 
carried out by thickness uniform on the whole piezo-electric blank 35 
top face containing a- pad 36. Then, (c) At the 3rd shown process, 
homogeneity spreading of the photoresist film 61 is carried out all over 
the aluminum-Cu film 60, and it is (d). At the 4th shown process, it 
leaves the photoresist film 61 which used the mask which is not 
illustrated, exposed and developed the photoresist film 61, and was 
developed by only the part equivalent to the IDT electrode 40. 
Subsequently, (e) It is (f) after etching the aluminum-Cu film 60 by 
using the photoresist film 61 which remained at the 5th shown process as 
a mask. The residual photoresist film 61 is removed at the 6th shown 
process. Consequently, on the piezo-electric blank 35, the IDT electrode 
40 which consists of an aluminum-Cu alloy is formed besides the aluminum 
pad 36. It is (g) to the last. In the 7th shown process, the surface 
acoustic element 34 equipped with the bump is completed by forming the 
golden bump 37 in the flat top face of a pad 36. 

[0010] Thus, assembly of a surface acoustic element 34 is completed by 
laying in the state of a face down in the **** package 31 in which the 
manufactured surface acoustic element 34 was shown in drawing 5 , laying 



the golden bump 37 on a pad 36 on the electrode 33 in a package, and 
fixing by solder or thermocompression bonding. In addition, when it 
fixes the golden bump beforehand on the electrode 33 of the base in a 
package, it is not necessary to fix a golden bump on the pad of a 
surface acoustic element. Moreover, in the SAW device of the type which 
contains a surface acoustic element 34 in the state of face up in a 
package, since the end of the golden wire for bondings will be fixed on 
a pad, it is not necessary to form a bump on a pad also in this case. 
Moreover, if it is the good construction material of junction nature 
with a golden bump as the material of construction of a pad 36, you may 
not be aluminum, for example, nickel, Cr, Ti, etc. can be used. Moreover, 
at the above-mentioned process, it is drawing 2 (d). (e) Although the 
process which forms IDT, and the process which removes the aluminum-Cu 
film 60 on a pad 36 were collectively carried out so that it might be 
shown, these activities may be done at another process, by the way, 
drawing 2 (f) (g) the shown pad 36 — some aluminum-Cu alloy film — an 
open circuit with a pad 36 and the IDT connection 45 can be prevented by 
60a' s (edge' s of a connection 45) overlapping and making it overlap in 
this way. Namely, drawing 2 (d) Since the thickness of the boundary 
section of a pad 36 and a connection 45 tends to become thin when the 
resist 61 formed according to the opening configuration of the mask used 
in exposure / development process does not overlap on a pad, it is 
drawing 2 R> 2 (e) . When the etching reagent and ethyne GUGASU which are 
used in a process turn to this part, it becomes easy to generate an open 
circuit. In order to prevent such an open circuit, it is effective to 
constitute so that the IDT connection 45 may be overlapped on the top 
face of a pad 36 part, as shown in drawing 1 and drawing 2 . 
[0011] Next, drawing 3 (a) And (b) It is the important section block 
diagram of the surface acoustic element which starts the gestalt of 
other operations of this invention, . respectively. Drawing 3 (a) The 
shown pad 36 consists of a light-gage barrier layer 65 fixed on the 
piezo-electric blank 35, and heavy-gage aluminum film 66 which carried 
out the laminating on the barrier layer 65. Junction nature with the 
piezo-electric blank 35 consists of nickel, good Cr, good Ti, etc. , and 
since the aluminum film 66 which carried out the laminating on the 
barrier layer 65 has good junction nature with a golden bump or a golden 
wire, the barrier layer 65 can raise connection resilience with the 
golden ingredient at the time of carrying a surface acoustic element 34 
in a package in a face down or face up. Drawing 3 (a) When manufacturing 
the surface acoustic element equipped with the pad 36, it is drawing 2 
(b). Or (g) The shown process can be used as it is. Namely, drawing 2 



(a) What is necessary is to form the pad 36 with the laminated structure 
of the barrier layer 65 and the aluminum layer 66 in the phase, and just 
to carry out sequential operation of each subsequent process. Drawing 3 

(b) The point which constituted the IDT electrode 40 from a barrier 
layer 70 and an aluminum-Cu alloy 71 is characteristic, a pad 36 may be 
constituted from heavy-gage aluminum, and it is drawing 3 (a). It is 
good also as a shown pad of the laminating structure. Drawing 3 (b) The 
method of manufacturing a surface acoustic element can divert the 
process of drawing 2 , and is drawing 2 (b). What is necessary is just 
to form the film used as the barrier layer 70 on the piezo-electric 
blank and the pad, before setting and forming the aluminum-Cu alloy film 
60. Thus, since the good pad of junction nature with a golden bump etc. 
was beforehand formed on the piezo-electric blank and the IDT electrode 
which consists of the aluminum-Cu alloy film etc. with the usual 
photolithography technique was formed in this invention Junction nature 
with a golden bump and a golden wire can form the pad which consists of 
good construction material, and the IDT electrode which consists of 
construction material with high endurance, without producing 
nonconformities, such as complication of the process by adding a lift- 
off process, and dirt of the vacuum deposition interior of a room. 
[0012] 

[Effect of the Invention] Without causing complication of a production 
process etc. as mentioned above according to this invention , aluminum , 
nickel , Ti , Cr , etc. can constitute a pad with the good ingredient of 
knot rigidity with gold , junction nature with a golden bump , a golden 
wire , etc. can be raise , and the structure of the surface acoustic 
element which made it possible to raise the endurance , its manufacture 
approach , and a SAW device can be offer by constituting an IDT 
electrode with an aluminum-Cu alloy further . That is, although 
laminating formation of the pure aluminum film and the barrier layer was 
carried out by extending a lift-off process at the pad surface in order 
to prevent that the bonding strength of a golden bump and a golden wire, 
and a pad falls, if shown in the conventional surface acoustic element 
which constituted the IDT electrode and the pad from an aluminum-Cu 
alloy, there was nonconformity of the productivity slowdown by buildup 
of a process, a cost rise, and the dirt of the membrane formation 
interior of a room of a vacuum evaporator. On the other hand, since the 
good pad of junction nature with a golden bump etc. was beforehand 
formed on the piezo-electric blank and the IDT electrode which consists 
of the aluminum-Cu alloy film etc. with the usual photolithography 
technique was formed in this invention The pad with which junction 



nature with a golden bump and a golden wire consists of good 
construction material, without producing nonconformities, such as 
complication of the process by adding a lift-off process, and dirt of 
the vacuum deposition interior of a room, The IDT electrode which 
consists of construction material with high endurance can be formed, and 
the dependability of a SAW device can be raised. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] (a) And (b) The top view and A-A sectional view of the 
surface acoustic element used for the SAW device of this invention. 
[Drawing 2] (a) Or (g) Drawing explaining the process which forms the 
pad and IDT electrode of drawing 1 . 

[Drawing 3] (a) And (b) Block diagram of the pad of the gestalt of the 
operation of others respectively of this invention. 

[Drawing 4] (a) The internal perspective view for explaining the package 
structure of the surface acoustic wave (SAW) device for the surface 
mounts of ******, and (b) The drawing of longitudinal section. 
[Drawing 5] (a) And (b) Explanatory view of other conventional examples. 
[Drawing 6] (a) And (d) The conventional elastic front face is the 
surface perspective view and X~X sectional view of a component. 
[Drawing 7] (a) (b) And (c) Drawing for explaining a lift-off process. 
[Description of Notations] 

1 SAW Device, 2 Ceramic Package, 3 Cavity, 4 A surface acoustic element, 
5 A metal lid, 10 A level difference, 11 The terminal for wirebonding, 
12 A ground pattern, 13 The electrode surface for touch-down, 15 Seam 
ring, 20 A piezo-electric blank, 21IDT electrodes, 22 A bonding terminal, 
31 Package, 32 A cavity, 33 An electrode, 34 A surface acoustic element, 



35 A piezo-electric blank, 36 An electrode pad, a 37-carat bump, 38 A 
metal lid, 40 An IDT electrode (electrode finger), 45 A connection, 60 
aluminum-Cu film, 61 The photoresist film, 65 A light-gage barrier layer, 
66 The heavy-gage aluminum film, 70 barrier layers, 71 aluminum-Cu alloy. 
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